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Abstract

The isolation of DNA from the herbarium specimens deposited at the LWS herbarium (State Museum of
Natural History of the NAS of Ukraine, Lviv, Ukraine) has been tested using the column-based protocol. The
isolated DNA has been amplified using different nuclear and plastid primers. The yield of obtained total
DNA showed no significant dependence from the year of collection and plant family of studied specimens.
In general, the obtained DNA of LWS specimens had medium yield (mean - 56.47 ng/pL) but relatively
low purity (mean 260/230 value - 0.85 units and mean 260/280 value - 1.66 units). The success of DNA
amplification for old herbarium material varied from 12.5 % to 91.1 % depending on applied primers. The
trnL P6 Loop primers demonstrated the best performance (91.1 % successful amplification), but due to short
resulted DNA fragments, it was not possible to purify the product for further processing. UniPlant primers
performed the worst, and only 12.5 % of samples taken from the LWS herbarium (excluding controls) were
successfully amplified. In general, nuclear primers, except for UniPlant, demonstrated a better success
rate (mean - 31.5 %) during the work with samples taken from the LWS herbarium. Meanwhile, the plastid
primers, except for trnL P6 Loop, showed slightly lower amplification success (mean - 26.8 %).
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Introduction

Despite the development of modern
approaches to biodiversity data gathering by
community science, herbarium collections
remain a key point for different studies,
including biogeographic, phylogenetic, and

© The Authors. This content is provided under CC BY 4.0 license.

taxonomic (e.g., Nualart et al., 2017; Besnard et
al., 2018; Martin et al., 2018; Lang et al., 2019;
Rosche et al., 2022, 2025). It was shown that
herbarium collections outperform community
science platforms (i.e., iNaturalist) by providing
the data with lower spatial, taxonomic,
phylogenetic, and functional bias (Daru &
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Rodriguez, 2023; Eckert et al., 2024). Providing
well-documented specimens preserved for
decades or even hundreds of years, the herbaria
have attracted the attention of molecular
biologists for many years (Savolainenet al.,
1995; Sarkinen et al., 2012; Bakker et al., 2020;
Bieker & Martin, 2018; McAssey et al., 2023).
However, the DNA in long-stored herbarium
material is often highly degraded (Adams &
Sharma, 2010; Staats et al., 2011). It was shown
that DNA degradation and fragmentation tend
to increase over time, resulting in shorter
lengths of reads and extensive accumulation
of cytosine-to-thymine substitutions (Weif$
et al., 2016; Quatela et al., 2023). Forrest et al.
(2019) demonstrated considerable variation in
the read length for Begonia L. depending on
the preservation method. They suggested that
such differences can be even higher at higher
taxonomic levels. Despite all mentioned
problems, the undoubted value of the material
stored at the herbaria prompts the search
for special techniques for DNA isolation and
amplification, as well as the reconstruction
of short reads (Drabkova et al., 2002; Ribeiro
& Lovato, 2007; Tarieiev et al., 2011; Drabkova,
2014; Hopke et al., 2018; Kurt et al.,, 2022;
Quatela et al., 2023).

Considering that the molecular laboratory
was established at the State Museum of
Natural History of the NAS of Ukraine in 2024,
it was decided to test the protocols of DNA
isolation and amplification on the material
stored at the institutional herbarium with
the acronym LWS. The herbarium LWS is one
of the oldest and richest in Ukraine, hosting
ca. 120,000 specimens of vascular plants and
ca. 26,000 specimens of non-vascular plants
(Novikov et al., 2024). However, for many
years, the specimens at LWS were regularly
exposed to high temperatures (ca. 90°C)
during anti-fungal and anti-insect treatment,
significantly increasing the chances of DNA
degradation and, therefore, the possibility
of poor amplification success (Staats et al.,
2011; Forrest et al., 2019). Meanwhile, there
was already reported success in CTAB-based
isolation and 5S rDNA intergenic spacer
amplification using the material stored at the
LWS herbarium (Tynkevich et al., 2022).

Hopke & Albach (2018) demonstrated
that column-based DNA extraction from
the herbarium material generally results in
higher DNA yield and purity. They also pointed
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out that column-based DNA extraction is
preferred for work with herbarium specimens
as it requires less sampling material and
consequently causes less damage to the
collection. Hence, here we share our pilot
experience on column-based DNA extraction
and amplification of four nuclear and five
plastid regions, based on the example of 63
specimens of vascular plants (56 stored at
the herbarium LWS and seven controls - see
Appendix A).

Material and methods

The leaf fragments ca. 0.5-1 cm? were sampled
from randomly selected herbarium specimens
representing different species and collected
at various years (Appendix A). Additionally,
seven positive controls were implemented -
six silica-dried and one herbarized (without
heating) leaf samples of Staphylea pinnata L.
(Staphyleaceae) collected in 2023.

The total DNA was isolated in July-August
2024 using the Macherey-Nagel NucleoSpin
Plant II kit following a slightly modified
protocol. Leaf samples were ground in the
ceramic mortars with a direct addition of
500 pL of PL1 lysis buffer. Homogenizing
the material would have been problematic
without adding the lysis buffer to the mortar.
Moreover, due to the small amount of the
sampled material, taking it out from the
mortar in case of dry homogenization would
be problematic, too - the homogenate stuck
to the mortar walls. The resulting suspension
has been carefully transferred (avoiding macro
fragments) to a new tube with the addition
of 10 puL of RNase A solution and vortexed
thoroughly. Then, the mixture was incubated
at 65° for 30 minutes in a thermoshaker.
Further steps followed the standard protocol.
The concentration and purity (260/230
and 260/280 ratios) of total DNA have been
measured  spectrophotometrically  using
DeNovix DS-11 FX spectrophotometer/
fluorometer. After that, eluted DNA was
diluted 10 times and stored in the fridge until
further processing.

Different regions of eluted DNA were
amplified in Applied Biosystems 2720 thermal
cycler using four nuclear and five plastid
primers (Table 1). Thermo Scientific DreamTaq
Green PCR Master Mix (2X) has been applied
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Figure 1. The dependence of DNA yield (A) and purity (B, C) from the collection year. The control samples
and three outlet samples representing 1853, 1904, and 1906 years are excluded from the graphs for
better visual representation.
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to prepare the samples for amplification. The
amplification success has been evaluated
by electrophoresis realized in agarose gel
prepared with x10 TBE buffer and stained by
BentoLab GelGreen nucleic acid stain. The
electrophoresis has been run on BentoLab
portable PCR workstation at 50 V for 30
minutes.

The statistics have been performed in
Microsoft Excel 2016 and Past 4.14 (Hammer
et al., 2001) environments.

Results and discussion

Due to the limitation of the sample number and
size, we were not able to statistically assess
the full range of plant families and collection
years, as well as other factors that could
influence the result. The studied specimens do
not allow delimiting any significant difference
between the samples regarding the DNA yield
(mean+standard deviation - 56.47+43.92 ng/
uL; coefficient of variation - 77.79 %) and purity
(discussed further). There was only a slightly
insignificant trend in increasing DNA yield
and purity jointly with collection year (Fig. 1).
Regression analysis proved insignificant
dependence between the collection year

=260 nm
w= 260/230 ratio

and DNA extraction characteristics. Similar
to our results, the DNA yield did not show a
significant dependence from the collection
year during the application of CTAB DNA
isolation protocol and column-based DNA
isolation (with the same NucleoSpin Plant II
mini kit) applied for herbarium material in
other studies (Hopke & Albach, 2018; Hopke
et al., 2018). However, these conclusions and
our outcomes contradict the reports of Zeng
et al. (2018) and Marincek et al. (2022), who
applied column-based isolation kits (Tiangen
DNAsecure Plant Kit and Qiagen DNeasy Plant
Mini Kit, respectively) and noticed a significant
decrease in DNA yield with samples age. In
our case, the absence of advances in the DNA
yield is probably caused by intense thermal
treatment over the years, which smooths out
the difference between more recent and older
specimens at the LWS herbarium.
Nevertheless, some authors (Hopke &
Albach, 2018; Hopke et al., 2018; Marincek
et al., 2022) assumed that column-based DNA
isolation is preferred, resulting in relatively
better DNA yield and purity and is easier to
handle. Marincek et al. (2022) noticed that
despite the better general performance of
specialized ancient DNA isolation protocol, it
finally resulted in sequences comparable in
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Figure 2. The dependence of DNA purity from the DNA yield. Calculated as Gaussian function in the
nonlinear regression module. Initial estimation of optimum and tolerance based on the weighted
average, followed by a nonlinear optimization by the Levenberg-Marquardt method in Past 4.14.
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Figure 3. The boxplot of DNA yield from specimens of different plant families. The families represented
by single specimen and control samples are excluded from the graph.

quality with those produced by DNA isolated
with a column-based kit.

Interestingly, the best DNA purity has been
achieved at a concentration diapason of ca.
50-90 ng/uL (Fig. 2). After that, the ratios
260/230 and 260/280 decreased, which
can be explained either by optimal DNA
concentrations in this diapason or technical
peculiarities of the spectrophotometer and
should be furtherly inspected. In most cases,
obtained 260/230 values were markedly
lower than 2.0 (meanzstandard deviation -
0.85+0.36; coefficient of variation - 42.47%;
Fig. 1B), which indicates contamination despite
the application of the column-based DNA
isolation technology. Such 260/230 values are
close to those obtained as a result of CTAB
DNA isolation (Hopke & Albach, 2018; Hopke
etal., 2018; Kurt et al., 2022; Xie et al., 2023) and
column-based DNA isolation Marincek et al.
(2022) without additional purification. The
observed 260/280 values were below normal

36

level but still near 1.8 units (meanz*standard
deviation - 1.66+0.36; coefficient of variation
- 17.00 %, Fig. 1C).

In our study, the dependence of DNA yield
from the plant family of studied specimens
appeared insignificant. The samples of
Ranunculaceae specimens demonstrated the
highest mean value of DNA vyield, and those
of Caprifoliaceae demonstrated the lowest.
However, the standard deviation was too
high for most analyzed families (Fig. 3). No
particular dependence on the PCR success
from the plant family or collection year was
observed.

The drying method used in the herbarium
technique was reported to significantly
affect the DNA vyield and PCR success rate
(Sarkinen et al., 2012; McAssey et al., 2023).
In our study, silica-dried control specimens
demonstrated 87.0-94.4% of successful DNA
amplification. Recently collected herbarium
material (one year stored control specimen)
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Table 2. Successful DNA amplification with different markers applied.

Primers applied Marker Successfully Unsuccessfully Total success Success rate
type amplified amplified rate (with (without

(number of (number of controls), %  controls), %
included included
controls) controls)

trnL P6 Loop (g - h) plastid 58 (7) 5 92.1 91.1

ITS1 (ITS1 - ITS2) nuclear 24 (6) 39 (1) 38.1 321

ITS (ITSI+ITS2) (ITS-ul - ITS-u4) nuclear 23 (6) 40 (1) 36.5 30.4

ITS2 (ITS2F - ITS3R) nuclear 23 (5) 40 (2) 36.5 321

trnH-psbA (psbA3_fv2 - trnHf_05v2) plastid 23 (5) 40 (2) 36.5 321

rbcLa (F - R) plastid 20 (6) 43 (1) 317 25.0

trnl-F (c - d) plastid 18 (5) 45 (2) 28.6 23.2

matK (3F_KIM_f - 1IR_KIM_r) plastid 15 (5) 48 (2) 23.8 17.9

ITS2 (UniPlantF - UniPlantR) nuclear 14 (7) 49 22.2 12.5

also showed nearly identical PCR success
compared to silica-dried ones with all applied
markers. At the same time, the success of DNA
amplification for old herbarium material varied
significantly and demonstrated 12.5-91.1% of
successful DNA amplification (Table 2). Some
of the applied markers performed better
in the sense of DNA amplification success.
The trnL P6 Loop primers demonstrated
the best performance. However, application
of this marker results in extremely short
DNA product lengths (ca. 100 bp). Such short
fragments are hard for further processing
(i.e., purification with standard protocols and
further sequencing) and, in most cases, allow
identifying the specimens only to the genus or
family level (Taberlet et al., 2007). Surprisingly,
tested nuclear DNA markers showed relatively
high amplification success. Among plastid
markers, only trnH-psbA demonstrated similar
performance. Despite the high amplification
success reported by Moorhouse-Gann et al.
(2018), UniPlant primers demonstrated the
weakest result among tested ITS primers.
Hence, trnL P6 Loop and UniPlant primers
cannot be recommended for work with the
herbarium material.

Conclusions
1. It was shown that tested column-

based DNA isolation protocol could be
successfully applied to the herbarium

Plant Introduction + 103/104

material. However, the low purity of the
total DNA samples obtained should be
considered.

2. Tested primers (except for trnL P6 Loop
and UniPlant) and amplification programs
showed their reliability and can be
recommended for work with herbarium
material.

3. DNA amplification success depends on the
applied markers rather than the collection
year.

4. Nuclear markers generally outperformed
plastid ones in work with LWS herbarium
material, demonstrating better
amplification success.

References

Adams, R.P., & Sharma, L.N. (2010). DNA from
herbarium specimens: |. Correlation of DNA
sizes with specimens age. Phytologia, 92(3),
346-353.

Bakker, F.T., Bieker, V.C., & Martin, M.D. (2020).
Herbarium collection-based plant evolutionary
genetics and genomics. Ffrontiers in Ecology
and Evolution, 8, Article 603948. https://doi.
org/10.3389/fevo.2020.603948

Besnard, G., Gaudeul, M., Lavergne, S.,
Muller, S., Rouhan, G., Sukhorukov, A.P.,
Vanderpoorten, A., & Jabbour, F. (2018).

Herbarium-based science in the twenty-first
century. Botany Letters, 165(3-4),323-327. https://
doi.org/10.1080/23818107.2018.1482783

37


https://doi.org/10.3389/fevo.2020.603948
https://doi.org/10.3389/fevo.2020.603948
https://doi.org/10.1080/23818107.2018.1482783
https://doi.org/10.1080/23818107.2018.1482783

Novikov & Nachychko

Bieker, V.C., & Martin, M.D. (2018). Implications
and future prospects for evolutionary analyses
of DNA in historical herbarium collections.
Botany Letters, 165(3-4), 409-418. https://doi.org/
10.1080/23818107.2018.1458651

Chen, S., Yao, H., Han, J., Liu, C., Song, J., Shi, L.,
Zhu, Y., Ma, X., Gao, T, Pang, X, Luo, K., Li, Y.,
Li, X., Jia, X., Lin, Y., & Leon, C.J. (2010). Validation
of the /TS2 region as a novel DNA barcode for
identifying medicinal plant species. PLoS ONE,
5(1), Article e8613. https://doi.org/10.1371/
journal.pone.0008613

Cheng, T., Xu, C,, Lei, L., Li, C., Zhang, Y., & Zhou, S.
(2016). Barcoding the kingdom Plantae: new
PCR primers for /TS regions of plants with
improved universality and specificity. Molecular
Ecology Resources, 16(1), 138-149. https://doi.
org/10.1111/1755-0998.12438

Daru, B.H., & Rodriguez, J. (2023). Mass production
of unvouchered records fails to represent global
biodiversity patterns. Nature Ecology & Evolution,
7, 816-831. https://doi.org/10.1038/s41559-023-
02047-3

Drabkova, L., Kirschner, J.A.N., & Viéek, C. (2002).
Comparison of seven DNA extraction and
amplification protocols in historical herbarium
specimens of Juncaceae. Plant Molecular Biology
Reporter, 20, 161-175. https://doi.org/10.1007/
BF02799431

Drabkovd, L.Z. (2014). DNA Extraction from
herbarium specimens. In P. Besse (Ed.),
Molecular plant taxonomy: methods and protocols
(pp. 69-84). Humana Press, Totowa. https://doi.
org/10.1007/978-1-62703-767-9_4

Eckert, 1., Bruneau, A., Metsger, D.A,, Joly, S.,
Dickinson, T.A., & Pollock, L.J. (2024). Herbarium
collections remain essential in the age of
community science. Nature Communications,
15(1), Article 7586. https://doi.org/10.1038/
s41467-024-51899-1

Forrest, L.L., Hart, M.L., Hughes, M.E., Wilson, H.,
Chung, K., Tseng, Y., & Kidner, C.A. (2019). The
limits of Hyb-Seq for herbarium specimens:
impact of preservation techniques. Frontiers in
Ecology and Evolution, 7, Article 439. https://doi.
org/10.3389/fevo.2019.00439

Hammer, @., Harper, D.A., & Ryan, P.D. (2001).
PAST: Paleontological statistical software
package for education and data analysis.
Palaeontologia Electronica, 4(1), 1-9. http://palaeo-
electronica.org/2001_1/past/issue1_01.htm

Hépke, J., & Albach, D.C. (2018). CTAB vs. column-
based DNA extraction from old herbarium
material. Visnyk of the Lviv University. Series
Biology, 78, 14-19. https://doi.org/10.30970/
vlubs.2018.78.04

38

Hépke, )., Brewer, G., Dodsworth, S., Ortiz, E.M.,
& Albach, D.C. (2018). DNA extraction from
old herbarium material of Veronica subgen.
Pseudolysimachium (Plantaginaceae). Ukrainian
Botanical Jjournal, 75(6), 564-575. https://doi.
org/10.15407/ukrbotj75.06.564

Kurt, Y., Parmaksiz, A., Kaya, O., Ulusal, D., &
Cecen, C. (2022). A simple and cost-effective
protocol for DNA isolation from herbarium
specimens. Annales Botanici Fennici, 59(1), 251-
259. https://doi.org/10.5735/085.059.0137

Kusia, E.S., Borgemeister, C., Khamis, F. M.,
Copeland, R.S., Tanga, C.M., Ombura, F.L., &
Subramanian, S. (2021). Diversity, host plants
and potential distribution of edible saturniid
caterpillars in Kenya. /nsects, 12(7), Artile 600.
https://doi.org/10.3390/insects12070600

Lang, P.L.M., Willems, F.M., Scheepens, J.F.,
Burbano, H.A., & Bossdorf, O. (2018). Using
herbaria to study global environmental change.
The New Phytologist, 221(1), 110-122. https://doi.
org/10.1111/nph.15401

Loera-Sanchez, M., Studer, B., & Kolliker, R. (2020).
DNA barcode trnH-psbA is a promising candidate
for efficient identification of forage legumes
and grasses. BMC Research Notes, 13, Article 35.
https://doi.org/10.1186/s13104-020-4897-5

Lépez, Z., Salazar Zuhiga, M.N., Femenia, A., Acevedo-
Hernandez, G,., Godinez Flores, J.A., Cano, M.E.,
& Knauth, P. (2022). Dry but not humid thermal
processing of Aloe vera gel promotes cytotoxicity
on human intestinal cells HT-29. Foods, 11(5), Article
745. https://doi.org/10.3390/foods 11050745

Marincek, P., Wagner, N.D., & Tomasello, S. (2022).
Ancient DNA extraction methods for herbarium
specimens: when is it worth the effort?
Applications in Plant Sciences, 10(3), Article e11477.
https://doi.org/10.1002/aps3.11477

Martin, M.D., Quiroz-Claros, E. Brush, GS. &
Zimmer, E.A. (2018). Herbarium collection-based
phylogenetics of the ragweeds (Ambrosia, Asteraceae).
Molecular Phylogenetics and Evolution, 120, 335-341.
https://doi.org/10.1016/j.ympev.2017.12.023

McAssey, E.V., Downs, C., Yorkston, M., Morden, C.,
& Heyduk, K. (2023). A comparison of freezer-
stored DNA and herbarium tissue samples for
chloroplast assembly and genome skimming.
Applications in Plant Sciences, 11(3), Article e11527.
https://doi.org/10.1002/aps3.11527

Moorhouse-Gann, RJ., Dunn, J.C.,, de Vere, N.,
Goder, M., Cole, N. Hipperson, H. &
Symondson, W.O. (2018). New universal /752
primers for high-resolution herbivory analyses
using DNA metabarcoding in both tropical and
temperate zones. Scientific Reports, 8, Article 8542.
https://doi.org/10.1038/s41598-018-26648-2

Plant Introduction - 103/104


https://doi.org/10.1080/23818107.2018.1458651
https://doi.org/10.1080/23818107.2018.1458651
https://doi.org/10.1371/journal.pone.0008613
https://doi.org/10.1371/journal.pone.0008613
https://doi.org/10.1111/1755-0998.12438
https://doi.org/10.1111/1755-0998.12438
https://doi.org/10.1038/s41559-023-02047-3
https://doi.org/10.1038/s41559-023-02047-3
https://doi.org/10.1007/BF02799431
https://doi.org/10.1007/BF02799431
https://doi.org/10.1007/978-1-62703-767-9_4
https://doi.org/10.1007/978-1-62703-767-9_4
https://doi.org/10.1038/s41467-024-51899-1
https://doi.org/10.1038/s41467-024-51899-1
https://doi.org/10.3389/fevo.2019.00439
https://doi.org/10.3389/fevo.2019.00439
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://doi.org/10.30970/vlubs.2018.78.04
https://doi.org/10.30970/vlubs.2018.78.04
https://doi.org/10.15407/ukrbotj75.06.564
https://doi.org/10.15407/ukrbotj75.06.564
https://doi.org/10.5735/085.059.0137
https://doi.org/10.3390/insects12070600
https://doi.org/10.1111/nph.15401
https://doi.org/10.1111/nph.15401
https://doi.org/10.1186/s13104-020-4897-5
https://doi.org/10.3390/foods11050745
https://doi.org/10.1002/aps3.11477
https://doi.org/10.1016/j.ympev.2017.12.023
https://doi.org/10.1002/aps3.11527
https://doi.org/10.1038/s41598-018-26648-2

Pilot progress in DNA isolation and amplification from the LWS herbarium

Novikov, A., Savytska, A., Kuzyarin, O.,
Nachychko, V.O., Susulovska, S., Rizun, V.,
Susulovsky, A., Hushtan, H., Hushtan, K., &
Leleka, D. (2024). Data mobilisation in the LWS
Herbarium: success and prospects. Biodiversity
Data Journal, 12, Article e117292. https://doi.
org/10.3897/BD).12.e117292

Nualart, N., Ibafiez, N., Soriano, I., & L6pez-Pujol, J.
(2017). Assessing the relevance of herbarium
collections as tools for conservation biology.
The Botanical Review, 83, 303-325. https://doi.
org/10.1007/s12229-017-9188-z

Quatela, A., Cangrén, P., Jafari, F., Michel, T., de
Boer, H., & Oxelman, B. (2023). Retrieval of
long DNA reads from herbarium specimens.
AoB Plants, 15(6), Article plad074. https://doi.
org/10.1093/aobpla%2Fplad074

Ribeiro, R.A., & Lovato, M.B. (2007). Comparative
analysis of different DNA extraction protocols
in fresh and herbarium specimens of the genus
Dalbergia. Genetics and Molecular Research, 6(1),
173-187.

Rosche, C., Baasch, A., Runge, K., Brade, P.,
Trager, S., Parisod, C., & Hensen, I. (2022).
Tracking population genetic signatures of local
extinction with herbarium specimens. Annals of
Botany, 129(7), 857-868. https://doi.org/10.1093/
aob%2Fmcac061

Rosche, C., Broennimann, O., Novikov, A.,
Mrazova, V. Boiko, G.V. Danihelka, ].,
Gastner, M.T., Guisan, A., KoZi¢, K., Lehnert, M.,
Mueller-Schaerer, H.,Nagy, D.U., Remelgado, R.,
Ronikier, M., Selke, J.A., Shiyan, N., Suchan, T.,
Thoma, A.E., Zdvorak, P., & Mréaz, P. (2025).
Herbarium specimens reveal a cryptic invasion
of polyploid Centaurea stoebe in Europe. The
New Phytologist, 245(1), 392-405. https://doi.
org/10.1111/nph.20212

Sarkinen, T., Staats, M., Richardson, J.E,,
Cowan, R.S., & Bakker, F.T. (2012). How to open
the treasure chest? Optimising DNA extraction
from herbarium specimens. PloS ONE, 7(8),
Article e43808. https://doi.org/10.1371/journal.
pone.0043808

Savolainen, V., Cuénoud, P., Spichiger, R,
Martinez, M.D., Crevecoeur, M., & Manen, J.F.
(1995). The use of herbarium specimens in DNA
phylogenetics: evaluation and improvement.
Plant Systematics and Evolution, 197, 87-98. https://
doi.org/10.1007/BF00984634

Staats, M., Cuenca, A., Richardson, J.E., Vrielink-
van Ginkel, R., Petersen, G., Seberg, O., &
Bakker, F.T. (2011). DNA damage in plant
herbarium tissue. PLoS ONE, 6(12), Article
e28448. https://doi.org/10.1371/journal.
pone.0028448

Plant Introduction + 103/104

Taberlet, P., Coissac, E., Pompanon, F., Gielly, L.,
Miquel, C., Valentini, A., Vermat, T., Corthier, G.,
Brochmann, C., & Willerslev, E. (2007).
Power and limitations of the chloroplast trnL
(UAA) intron for plant DNA barcoding. Nucleic
Acids Research, 35(3), Article e14. https://doi.
org/10.1093/nar%2Fgkl938

Taberlet, P., Gielly, L., Pautou, G., & Bouvet, J.
(1991). Universal primers for amplification of
three non-coding regions of chloroplast DNA.
Plant Molecular Biology, 17(5), 1105-1109. https://
doi.org/10.1007/BF00037152

Tarieiev, A.S., Girin, A.l, Karpenko, N.I,
Tyshchenko, O.V., & Kostikov, LY. (2011).
Modified method of DNA extraction from
herbarium specimens. Chornomors’ky Botanical
Journal, 7(4), 309-317. (In Ukrainian)

Tynkevich, Y.O., Novikov, A.V., Chorney, LI, &
Volkov, R.A. (2022). Organization of the 55 rDNA
intergenic spacer and its use in the molecular
taxonomy of the genus Aconitum L. Cytology and
Genetics, 56(6), 494-503. https://doi.org/10.3103/
S0095452722060111

Wei8, C.L., Schuenemann, V)., Devos, |,
Shirsekar, G., Reiter, E. Gould, B.A,
Stinchcombe, J.R., Krause, J., & Burbano, H.A.
(2015). Temporal patterns of damage and decay
kinetics of DNA retrieved from plant herbarium
specimens. Royal Society Open Science, 3(6), Article
160239. https://doi.org/10.1098/rso0s.160239

White, TJ., Bruns, T.D., Lee, S.B., & Taylor, J.W.
(1990). Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics.
In M.A. Innis, D.H. Gelfand, ]JJ. Sninsky, &
T.J. White (Eds.), PCR protocols: a guide to methods
and applications (pp. 315-322). Academic Press,
New York. https://doi.org/10.1016/B978-0-12-
372180-8.50042-1

Xie, P.J., Ke, Y.-T., Kuo, & L.-Y. (2023). Modified
CTAB protocols for high-molecular-weight
DNA extractions from ferns. Applications in
Plant Sciences, 11(3), Article e11526. https://doi.
org/10.1002/aps3.11526

Yao, H., Song, J., Liu, C., Luo, K., Han, J., Li, Y.,
Pang, X., Xu, H., Zhu, Y., Xiao, P., & Chen, S.
(2010). Use of /TS2 region as the universal DNA
barcode for plants and animals. PLoS ONE, 5(10),
Article e13102. https://doi.org/10.1371/journal.
pone.0013102

Zeng, C.X., Hollingsworth, P.M., Yang, J., He, Z.S.,
Zhang, Z.R., Li, D.Z., & Yang, J.B. (2018). Genome
skimming herbarium specimens for DNA
barcoding and phylogenomics. Plant Methods, 14,
Article 43. https://doi.org/10.1186/s13007-018-

0300-0

39


https://doi.org/10.3897/BDJ.12.e117292
https://doi.org/10.3897/BDJ.12.e117292
https://doi.org/10.1007/s12229-017-9188-z
https://doi.org/10.1007/s12229-017-9188-z
https://doi.org/10.1093/aobpla%2Fplad074
https://doi.org/10.1093/aobpla%2Fplad074
https://doi.org/10.1093/aob%2Fmcac061
https://doi.org/10.1093/aob%2Fmcac061
https://doi.org/10.1111/nph.20212
https://doi.org/10.1111/nph.20212
https://doi.org/10.1371/journal.pone.0043808
https://doi.org/10.1371/journal.pone.0043808
https://doi.org/10.1007/BF00984634
https://doi.org/10.1007/BF00984634
https://doi.org/10.1371/journal.pone.0028448
https://doi.org/10.1371/journal.pone.0028448
https://doi.org/10.1093/nar%2Fgkl938
https://doi.org/10.1093/nar%2Fgkl938
https://doi.org/10.1007/BF00037152
https://doi.org/10.1007/BF00037152
https://doi.org/10.3103/S0095452722060111
https://doi.org/10.3103/S0095452722060111
https://doi.org/10.1098/rsos.160239
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1002/aps3.11526
https://doi.org/10.1002/aps3.11526
https://doi.org/10.1371/journal.pone.0013102
https://doi.org/10.1371/journal.pone.0013102
https://doi.org/10.1186/s13007-018-0300-0
https://doi.org/10.1186/s13007-018-0300-0

Novikov & Nachychko

Appendix A. Studied herbarium material at the LWS herbarium.

Nr LWS accession Family Species / subspecies Collection Preservation
Nr / field Nr year method

1 070459 Apiaceae Bupleurum tenuissimum L. 1906 pressed and dried

2 021825 Asparagaceae Muscari botryoides (L.) Mill. 1853 pressed and dried

3 114876 Asparagaceae Scilla kladnii Schur 2009 pressed and dried

4 017053 Asteraceae Achillea oxyloba (DC.) Sch.Bip. subsp. 1976 pressed and dried
schurii (Sch.Bip.) Heimerl

5 095416 Asteraceae Centaurea maramarosiensis (Jav.) Czerep. 2002 pressed and dried

6 116027 Asteraceae Doronicum carpaticum (Griseb. & Schenk) 1978 pressed and dried
Nyman

7 17159 Asteraceae Leucanthemum rotundifolium (Waldst. & 2012 pressed and dried
Kit.) DC.

8 117383 Boraginaceae Pulmonaria rubra Schott subsp. 2002 pressed and dried
filarszkyana (Jav.) Domin

9 077525 Boraginaceae Symphytum cordatum Waldst. & Kit. 1985 pressed and dried

10 119944 Brassicaceae Arabidopsis neglecta (Schult.) O'Kane & 1978 pressed and dried
Al-Shehbaz

1 113215 Brassicaceae Arabidopsis thaliana (L.) Heynh. 2008 pressed and dried

12 114577 Campanulaceae Campanula serrata (Kit. ex Schult.) 2009 pressed and dried
Hendrych

13 092030 Campanulaceae Phyteuma vagneri A.Kern. 1960 pressed and dried

14 118938 Caprifoliaceae Scabiosa lucida Vill. subsp. barbata Nyar. 1990 pressed and dried

15 115638 Caprifoliaceae Scabiosa lucida Vill. subsp. barbata Nyar. 2009 pressed and dried

16 116693 Caryophyllaceae  Sabulina pauciflora (Kit.) AV.Novikov 2006 pressed and dried

17 114685 Caryophyllaceae  Silene nutans L. subsp. dubia (Herbich) 2009 pressed and dried
Zapal.

18 007155 Caryophyllaceae  Silene zawadskii Herbich 1978 pressed and dried

19 113561 Crassulaceae Rhodiola rosea L. 2008 pressed and dried

20 113460 Crassulaceae Sempervivum carpathicum Wettst.ex 2008 pressed and dried
Prodan subsp. carpathicum

21 043251 Crassulaceae Sempervivum globiferum L. subsp. 1947 pressed and dried
preissianum (Domin) M.Werner

22 119472 Cyperaceae Carex curvula All. 1976 pressed and dried

23 116914 Gentianaceae Gentiana laciniata Kit. ex Kanitz 2012 pressed and dried

24 116676 Gentianaceae Gentiana lutea L. subsp. lutea 2005 pressed and dried

25 116786 Gentianaceae Gentiana punctata L. 2007 pressed and dried

26 116362 Gentianaceae Swertia perennis L. subsp. perennis 2011 pressed and dried

27 074413 Gentianaceae Swertia punctata Baumg. 1960 pressed and dried

28 112773 Iridaceae Crocus banaticus J.Gay 1972 pressed and dried

29 115481 Iridaceae Crocus heuffelianus Herb. 2010 pressed and dried

30 112026 Iridaceae Gladiolus imbricatus L. 1988 pressed and dried

31 110149 Iridaceae Iris graminea L. 1988 pressed and dried

32 115689 Iridaceae Iris sibirica L. 2010 pressed and dried
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Appendix A. Continued.

Nr LWSaccession Family Species / subspecies Collection Preservation
Nr / field Nr year method

33 116180 Juncaceae Juncus bulbosus L. 201 pressed and dried

34 016776 Juncaceae Luzula alpinopilosa (Chaix) Breistr. 1978 pressed and dried
subsp. obscura S.E.Fréhner

35 112663 Lamiaceae Thymus alternans Klokov 1973 pressed and dried

36 120097 Lamiaceae Thymus jankae Celak. 2014 pressed and dried

37 016733 Lamiaceae Thymus pulcherrimus Schur 1996 pressed and dried

38 116659 Linaceae Linum extraaxillare Kit. 2005 pressed and dried

39 073630 Oleaceae Syringa josikaea J.Jacq. ex Rchb. 1982 pressed and dried

40 081841 Orobanchaceae Euphrasia tatrae Wettst. 1957 pressed and dried

41 112713 Plantaginaceae Plantago atrata Hoppe subsp. 1982 pressed and dried
carpathica (So6) So6

42 010385 Poaceae Festuca amethystina L. subsp. orientalis 1958 pressed and dried
Krajina

43 114720 Poaceae Festuca porcii Hack. 2009 pressed and dried

44 112311 Poaceae Poa granitica Braun-Blang. subsp. 1983 pressed and dried
disparillis Nyar.

45 012597 Poaceae Poa rehmannii (Asch. & Graebn.) 1904 pressed and dried
K.Richt.

46 110476 Poaceae Sesleria bielzii Schur 1975 pressed and dried

47 116702 Poaceae Sesleria heufleriana Schur subsp. 201 pressed and dried
heufleriana

48 119608 Ranunculaceae Ranunculus carpaticus Herbich 1975 pressed and dried

49 104365 Ranunculaceae Ranunculus malinovskii Elenevsky & 1989 pressed and dried
Derv.-Sokol.

50 113245 Rosaceae Rosa canina L. 2008 pressed and dried

51 017272 Rubiaceae Galium transcarpaticum Stojko & 1976 pressed and dried
Tasenk.

52 017273 Rubiaceae Galium transcarpaticum Stojko & 1976 pressed and dried
Tasenk.

53 088718 Rubiaceae Galium transcarpaticum Stojko & 1980 pressed and dried
Tasenk.

54 063138 Staphyleaceae Staphylea pinnata L. 1947 pressed and dried

55 063180 Staphyleaceae Staphylea pinnata L. 1976 pressed and dried

56 107564 Staphyleaceae Staphylea pinnata L. 1998 pressed and dried

57  UAO01-20dr Staphyleaceae Staphylea pinnata L. 2023 pressed and dried

58 UAO01-20Si Staphyleaceae Staphylea pinnata L. 2023 silica-dried

59 UAO1-12 Staphyleaceae Staphylea pinnata L. 2023 silica-dried

60 UAO01-17 Staphyleaceae Staphylea pinnata L. 2023 silica-dried

61 UAO1-18 Staphyleaceae Staphylea pinnata L. 2023 silica-dried

62 UA02-09 Staphyleaceae Staphylea pinnata L. 2023 silica-dried

63 UAO02-14 Staphyleaceae Staphylea pinnata L. 2023 silica-dried
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Mepwwii nporpec y BugineHHi ta amnnidikauii AHK 3 maTepiany, wo 36epiraerbca y
rep6apii LWS

AHppin HoBikoB ', Biktop Haunuko 2

' JepxaBHuin npupogo3HaBunii myseri HAH YkpaiHu, Byn. TeatpanbHa, 18, flbBiB, 79008, YkpaiHa;
novikoffav@gmail.com

2 [1bBiBCbKMIA HaLiOHaNbHW yHiBepcuTeT iMeHi IBaHa PpaHka, Byn. pyweBcbkoro, 4, flbsis, 79005,
YKpaiHa

MpoTecTtoBaHO BuAineHHa AHK i3 repbapHumx 3paskis, Lo 36epiratoTbca y repbapii LWS (JepxaBHuni
npupoAo3HaBumin Mysein HAH YkpaiHw, JIbBiB, YkpaiHa) 3@ NpOTOKONOM Ha OCHOBI CUAiKareeBmx KONOHOK.
BuaineHa AHK 6yna amnnidikoBaHa 3 BUKOPUCTAHHAM Pi3HUX SAEPHUX i NaacTUAHUX Npalimepis. Buxig
oTpuMaHoi cymapHoi IHK He nokasaB iCTOTHOI 3a/1eXHOCTi Big poKy 360py Ta POAUH, A0 AKUX Hanexanu
3pa3ku. 3aranom, AHK, oTprmaHa i3 3paskie repbapito LWS, mana noMipHuiA BUXig (CepefHE 3HaUeHHS
- 56.47 Hr/mkn), ane BiAHOCHO HU3bKY YNCTOTY (CepeAHE 3HaYeHHs crniBeigHoWeHHA 260/230 - 0,85
i cepefiHE 3HayeHHs cniBBigHOLWeHHA 260/280 - 1,66). Ycnix amnnigikauii AHK ctaporo repbapHoro
maTepiany konveascs BiA 12.5% go 91.1 % 3aneXxHo Bi4 BUKOPUCTaHUX npaimepis. Mpanmepn trnl P6
Loop npogeMoHcTpyBann HarbinbLly epekTnBHICTE (91.1 % ycniwHoi amnaidikauii), ane yepes KOpOTKi
¢dparmeHTn oTprumMaHoi HK He BAanocs ounctuT NpoayKT ANs nojansLuoi o6pobku. Mparimepu UniPlant
NPOAEMOHCTPYBaNW Hamripwi pesynbtaty, i aivwe matepian 12.5 % gocnigxeHnx 3paskis repbapito LWS
(3@ BUHATKOM KOHTPOAbHKX), BYyB yCnilWHO amnaidikoBaHWA. 3aranom, a4epHi NpanMepu, 3a BUHATKOM
UniPlant, npogeMoHcTpyBann KpaLly ycnilwHicTe amnaidikadii (cepesHe 3HadeHHs - 31.5 %) npwu poborTi
3i 3pa3kamu 3 repbapito LWS. B Toin xe yac, nnactugHi nparimepu, 3a BUHATKOM trnL P6 Loop, nokasanu
JeLLO HUXXYY YCMiLWHICTE amnaidikauii (cepeHe 3HayeHHs - 26.8 %).

KntouoBi cnoBa: repbapHi 3pasku, WTpuxkodyBaHHA pocanHHoi AHK, meTtoan ekctpakuii AHK, aerpagosana AHK, rep6apii LWS
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